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Description 

The present invention relates to a semiconduc- 
tor pressure sensor for detecting a pressure of a 
medium to be measured. 

As a device for measuring a liigh pressure 
medium, it is Icnown that a pressure sensor dis- 
closed in Japanese Laid Open Patent Publication 
No. 1987-293131 is available. As shown in Rg. 14, 
the pressure sensor is provided with a stick-like 
sensing portion 52 disposed in a cylindrical metal 
housing 51 and a sealing plate 53 which seals 
between the sensing portion 52 and the cylindrical 
housing 51. The sensing portion 52 within which a 
recess is formed is provided at its leading end part 
with a diaphragm portion 54 for detecting a pres- 
sure. But. the sensor is disadvantageous in the 
unpractical construction because the sensing por- 
tion 52 is made up of a ceramic material against a 
recent trendy in which a sensing portion of a pres- 
sure sensor is made up of silicon and glass. Even 
though the sensing portion made us of silicon and 
glass is employed instead of the sensing portion 52 
made up of the ceramic material. It is difficult to 
keep an airtight condition between the metal hous- 
ing and the sensing portion made up of silicon and 
glass. 

Document EP-A-0 167 144 discloses a pres- 
sure sensor which comprises a semiconductor 
strain gauge which is fixed to one end of a glass 
base in the centre of which a pressure introduction 
port is formed. The lower end of the glass base is 
hemnetically bonded to the metal cylinder by 
means of a seal glass. 

However, if the diaphragm portion of the pres- 
sure sensor disclosed in the above-mentioned doc- 
uments Japanese Laid Open Patent Publication No. 
1987-293131 and EP-A-O 167 144 breaks, the mea- 
sured medium leaks within the interior space of the 
housing, namely to the electric signal taking out- 
side. 

Furthermore, document US-A-4 320 664 dis- 
closes a pressure sensor which is thermally com- 
pensated. For this thermal compensation the sen- 
sor includes a temperature sensitive resistor which 
forms a part of the same semiconductor structure 
as the piezoresistive elements of the sensor. 

SU-A-746 217 discloses a pressure sensor 
comprising a diaphragm portion projecting into the 
flow passage of a measured medium, a sensing 
portion having electrically conductive portion pro- 
vided along silicon plates so as to transmit the 
electrical signal of a strain gauge and an electrical 
signal output portion for outputting the electrical 
signal which is provided within the interior space of 
a housing. 

The present invention is directed to solving the 
above-mentioned problems and has for its object to 


provide a semiconductor pressure sensor which 
has a sensing portion provided with a diaphragm 
portion and made up of silicon and glass and in 
which the measured medium is prevented from 
5 leaking to the electric signal taking-out side even if 
the diaphragm portion including the detecting 
means should be broken. 

For accomplishing the above-mentioned object, 
the present invention provides a semiconductor 
10 pressure sensor according to claim 1 . 

The above and other objects and advantages 
of the present invention will become more apparent 
from the following description of the Invention with 
reference to the attached drawings. 
75 Rgure 1 is a sectional view showing a general 
construction of a semiconductor pressure sensor 
as one embodiment of the present invention; 
Figure 2 is a sectional view of a principal portion 
of the emt)Odiment shown in Fig. 1 ; 
20 Figure 3 is a diagram showing the relation be- 
tween the coefficient of thermal expansion and 
the maximum shear stress of a solder glass; 
Figure 4 is a sectional view of a principal portion 
showing another embodiment of the present in- 
25 vention; 

Rgure 5 is a sectional view of a principal portion 
showing a further emkx)diment of the present 
invention; 

Figure 6 is a sectional view on A-A line in Fig. 5; 

30 Figure 7 is a plan view of a sensing portion of 
the embodiment shown in Fig. 5; 
Figure 8 is a partial sectional view showing 
another embodiment of the present invention; 
Rgure 9 Is a schematic view showing a con- 

36 struction of a refrigerating cycle for an auto- 
mobile to which the present invention is applied; 
Figure 10 is a partial sectional view of a semi- 
conductor pressure sensor of the embodiment 
shown in Fig. 9; 

40 Figure 1 1 Is a sectional view showing a sensing 
portion of the semiconductor pressure , sensor 
shown in Fig. 10; 

Figure 12 is a circuit diagram showing a circuit 
for detecting a pressure and a temperature of a 
46 refrigerant by means of the semiconductor pres- 
sure sensor shown in Fig. 10; 
Figure 13 is a characteristic diagram showing an 
output condition of a temperature detecting ter- 
minal portion in the circuit shown in Fig. 12; and 
50 Figure 1 4 is a sectional view showing a conven- 
tional semiconductor pressure sensor. 
Now the present invention will be explained 
with reference to the drawings hereinafter. 

Fig. 1 is a schematic sectional view showing 
56 the first embodiment of the present invention, and 
Fig. 2 is a sectional view of a principal portion of 
the first embodiment thereof. The first embodiment 
of the present invention will be explained With 
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reference to Figs. 1 and 2. In Rg. 1, symbol 1 
designates a single crystal silicon (Si) substrate 
which is provided with a diaphragm portion 3 and a 
strain gauge 5 and Is joined with a support plate 7 
made of glass having a characteristic similar to the 
coefficient of thermal expansion of the single cry- 
stal silicon substrate 1 like borosilicate glass (name 
used in trade : Pyrex-glass) so as to sandwich the 
opposite sides of the strain gauge 5 therebetween, 
to form a stick-like sensing portion 2 having a 
square cross section and to have a facedown con- 
struction. Symbol 9 designates a housing made of 
metal such as a Fe-Ni-Co system alloy{name used 
in trade : Kovar) or a Ni-Fe system alloy (name 
used in trade : 42-altoy). The sensing portion 2 is 
fixedly secured within a cylindrical portion 9A, 
which is formed in the housing 9 as a reception 
portion for introducing a measured pressure me- 
dium, by means of solder glass 11 so as to provide 
an airtight seal (called a hermetic seal) between the 
outer circumferentiai surface of the sensing portion 
2 and the inner circumferential surface of the cylin- 
drical portion 9A. Symt)ol 17 designates a bonding 
wire led out of the substrate 1, which serves to 
transmit an electric signal generated in the strain 
gauge 5 within the substrate 1 to a substrate 19 
provided with an amplifier circuit (a hybrid IC in 
this embodiment) through a chip terminal 18 made 
of aluminum. This substrate 19 is accommodated 
within a chamber portion 9B formed in the upper 
end of the housing 9, and an electric signal am- 
plified by the amplifier circuit therein is output 
outside the sensor through a pin 21 and a terminal 
23 disposed in a connector area. A connector case 
25 is made of resin and is fixedly secured at the 
outer circumferential surface 25A of Its bottom por- 
tion to the housing 9 by means of a caulked portion 
9C formed in the upper end of the housing 9. A 
resin lid 27 Is fixedly bonded to the connector case 
25. The pin 21 and the terminal 23 are connected 
each other by means of soldering. The substrate 
19 is fixedly bonded within the chamber portion 9B 
of the housing 9. Symbol 9D designates a threaded 
portion which Is used to be threadably secured to a 
housing on a measured side. 

Fig. 2 is a sectional view of the principal por- 
tion (the sensing portion 2) of the first embodiment. 
Symbol 8 and 10 designate Si02 layers, symbol 12 
designates a low resistivity Poly-Si layer which 
provides a conductive portion for electrically con- 
necting the strain gauge 5 to an Al bonding pad 15, 
symbol 13 designates a high resistivity Poly-Si 
layer for joining the glass support plate 7 and the 
Si substrate 1 to each other, symbol 14 designates 
a high resistivity Poly-Si layer for use in insulation, 
symbol 15 designates the Al bonding pad, symbol 
16 designates a vacuum chamber as a reference 
pressure chamber formed by etching the high re- 


sistivity Poly-Si layer 13. and symbol 17 desig- 
nates the bonding wire. 

Then, the hemnetically seal formed of the 
above-mentioned solder glass 1 1 will be explained. 

5 This embodiment is particularly intended to 

provide a method how both the Si substrate 1 and 
the glass support plate 7 forming the sensing por- 
tion 2 are joined with the metal housing 9 through 
the henmetic seal. After various investigations about 

10 this task, by paying attention to the coefficient of 
thermal expansion of Si being 31 x 10"'7/'C and 
the coefficient of thermal expansion of the Pyrex 
glass used as the glass for the support plate 7 
being 32.5 x 10""'/ 'C, the housing 9 is made up of 

75 Kovar(the coefficient of thermal expansion 52 - 54 x 
10"'/ 'C) having a good conformity to the coeffi- 
cient of thermal expansion of the sensing portion 2 
or the 42-alloy (the coefficient of thermal expansion 
being similar to that of Kovar) and a solder glass Is 

20 employed for providing the hermetic seal there- 
between. However, in case that the coefficients of 
thermal expansion of the sensing portion 2, of the 
solder glass 11 and of the housing 9 are mis- 
matched, the sensing portion 2 is subjected to an 

25 excessive stress which causes a breakage of the 
sensing portion 2. 

In relation to that, in the case that the housing 
9 is made up of the Kovar and the glass support 
plate 7 is made up of the Pyrex-glass, a stress 

30 analysis about a maximum shear stress of the 
solder glass 11 by the FEM (the finite element 
method) provides the result as shown in Rg. 3. 
According to this analysis result, the coefficient of 
the solder glass 1 1 is required to be about 40-50 

35 X 10"'/ 'C because the breaking strength of the 
Pyrex-glass is 400 Kg f/cm^. Therefore, this em- 
bodiment employs the value of, for example 41 x 
10~'/'C as the coefficient of thermal expansion 
thereof. 

40 Now, the operation of the first embodiment will 
be explained. When the sensing portion 2 is put 
into the measured pressure medium, a pressure of 
the medium is applied to the diaphragm portion 3. 
Thereupon, the diaphragm portion 3 is displaced 

45 and the stress depending on this displacement is 
applied to the strain gauge 5 to generate an elec- 
tric signal according to the pressure. The electric 
signal is output to the amplifier circuit mounted on 
the substrate 19, through the low resistivity Poly-Si 

50 layer 12, the A, bonding pad 15 and the bonding 
wire 17. The electric signal amplified by the am- 
plifier circuit is adapted to be output to an unil- 
lustrated outer device (for example a computer) 
through the pin 21 and the terminal 23. 

55 As explained above, according to the first em- 

bodiment, since the sensing portion 2 including the 
strain gauge 5 and the diaphragm portion 3 is 
fixedly secured to the housing 9 by means of the 
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solder glass 1 1 so that the portion (A! bonding pad 
15) provided on the sensing portion 2 for taking out 
the electric signal is Isolated from the pressure, it 
is possible to give a sufficient length to the airtight 
sealing portion made of the solder glass 11 with 
respect to the cylindrical portion 9A of the housing 
9 and to remarkably improve the sealing capability 
between the measured medium side and the cham- 
ber portion 9B side. Further, since the airtight seal- 
ing portion for Isolating the electric signal taking 
out portion from the pressure medium is made up 
of the solder glass 11 , it is applicable to almost any 
kinds of pressure medium and to such a portion 
which needs to have a high airtightness. If the 
diaphragm portion including the strain gauge 5 and 
so on should be broken, advantageously the pres- 
sure medium is prevented from leaking to the 
electric signal taking out side (where the Al bond- 
ing pad 15 and the bonding wire 17 are disposed) 
because the sensing portion itself serves as a 
sealing member. Further, it may be possible to 
mount the amplifier and so on on the Si substrate 1 
instead of on the substrate 19 so as to be in- 
tegrated as one-chip IC. 

Incidentally, instead of the facedown construc- 
tion of this embodiment in, which the Si substrate 1 
is joined on its strain gauge side to the glass 
support seat 7, as shown in Fig. 4, it may be joined 
thereto on its other side opposed to the strain 
gauge side. 

Further, instead of the electrical connection ac- 
cording to this embodiment in which the strain 
gauge 5 is electrically connected to the Al bonding 
pad 15 as an electric signal output means and to 
the bonding wire 17 through the tow resistivity 
Poly-Si layer 12 as shown in Fig. 2, the strain 
gauge 5 may be electrically connected thereto 
through any other conductive member besides the 
low resistivity Poly-Si layer. For example, as shown 
in Rg. 5, when the vacuum chamber 16 Is formed 
by etching the high resistivity Poly-Si layer 13, 
simultaneously a channel is formed by means of 
etching a metal film. Then, a contact hole is formed 
by etching a predetermined position of the Si02 
layer and a metal film 15 is formed of Al and the 
like in the channel thinner than the high resistivity 
Poly-Si layer 13. The bonding wire 17 is connected 
to the metal film 15. In that way, by using the low 
resistivity metal film 15, it becomes possible to 
prevent a lowering of the sensitivity which might be 
caused by a loss of applied voltage. Fig. 6 is a 
sectional view on A-A line in Fig. 5, and Fig. 7 is a 
plan view of a principal portion without the support 
plate 7 in Fig. 5. 

Further, instead of the housing 9 the whole of 
which is made up of the Kovar or the 42-aIloy, as 
shown in Fig. 8, the housing 9 may have such a 
constitution that only its portion brought into con- 


tact with the solder glass 11 is provided with a 
collar 28 made of the Kovar or the 42-alloy and its 
other portion Is made of steel (for example carbon 
steel). 

5 Next, an embodiment will be explained in 

which the present invention is applied to a refrig- 
erating cycle for an automobile air conditioner. 
Symbol 31 designates a compressor, symbol 33 
designates a condenser, symbol 35 designates a 

10 receiver, symbol 37 designates an expansion valve, 
and symbol 39 designates an evaporator. In this 
refrigerating cycle, a semiconductor pressure sen- 
sor 100 according to this refrigerating cycle ap- 
paratus Is disposed in a refrigerant pipe on the low 

75 pressure side between the evaporator 39 and the 
compressor 31 so as to detect both a pressure and 
a temperature of the refrigerant. Besides, the semi- 
conductor pressure sensor 100 may be disposed in 
a refrigerant pipe on the high pressure side be- 

20 tween the receiver 35 and the expansion valve 37 
as required for control. 

Fig. 10 Is a partial sectional view of the semi- 
conductor pressure sensor 100 attached to the 
refrigerant pipe 41. The semiconductor pressure 

25 sensor 100 is fixedly secured to the refrigerant 
pipe 41 by attaching its housing 9 to the refrigerant 
pipe 41 through an 0-ring 43 by means of a screw 
45 thereof. The sensing portion 2 of the semicon- 
ductor pressure sensor 100 has such a constitution 

30 as for the Si substrate 1 to be sandwiched between 
two support plates 7a, 7b made of the Pyrex-glass. 
Between the sensing portion 2 and the cylindrical 
collar 28 (a portion of the housing 9) made of the 
Kovar fitted to the inner circumferential surface of 

35 the cylindrical portion 9A of the housing 9 there Is 
provided a hermetic sea! made of the solder glass 
11. The sensing portion 2 is projected from the 
leading portion of the collar 28 so that the pressure 
and the temperature of the refrigerant can be mea- 

40 sured directly. The collar 28 is provided with a wire 
netting 47 for protecting the sensing portion 2. 
Therefore, the sensing portion 2 detects the pres- 
sure and the temperature of the refrigerant through 
the wire netting 47. The diaphragm portion 3 is 

45 located on such a side of the Si substrate 1 of the 
sensing portion 2 as not to be influenced by a 
dynamic pressure of the flow of the refrigerant 
indicated by the directed line in Fig. 10 with re- 
spect to the refrigerant flow. Accordingly, since the 

50 diaphragm portion 3 of the sensing portion 2 is 
directly brought into contact with the refrigerant 
passing through the wire netting 47 and is located 
at such a position as not to be influenced by the 
dynamic pressure of the refrigerant, it is possible to 

56 detect the pressure of the refrigerant correctly. 
Further, since the sensing portion 2 is projecting 
from the housing 9 and the collar 28, it is possible 
to detect the temperature of the refrigerant without 
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being influenced by a heat conduction from the 
housing 9 and the collar 28. 

Fig. 11 is a sectional view of the sensing 
portion 2. As shown in Rg. 11. between the St 
substrate 1 and the support plate 7a made of the 
Pyrex-glass there is provided the vacuum chamber 
16 formed by the joint Poly-Si layer 13 between 
the Pyrex-glass plate 7a and the SiOa layer 10 
formed on the Si substrate 1 as an insulator mem- 
brane similarly to that shown in Rg. 5. The Si 
substrate 1 is provided on its one side with the 
diaphragm portion 3 and on its other side With the 
strain gauge 5 (composed of four strain gauges 5a 
- 5d provided in a circuit described later). The 
strain gauge 5 is connected to an aluminum elec- 
trode 15 through a diffusion lead 5*. 

Further, a circuit for detecting the pressure and 
the temperature of the refrigerant by means of the 
semiconductor pressure sensor 100 will be ex- 
plained. 

Rg. 12 is a circuit diagram of the circuit In Rg. 
12. the strain gauges 5a - 5d are arranged so that 
the respective resistance values thereof change 
according to the pressure condition of the refriger- 
ant acting on the sensing portion 2 shown In Rg. 
10 and simultaneously are variable according to the 
temperature of the sensing portion 2. One pair of 
strain gauges 5b, 5d arranged diagonally to each 
other are adapted to increase their resistance val- 
ues according to the pressure, and the other pair of 
strain gauges 5a, 5c arranged diagonally to each 
other are adapted to decrease their resistance val- 
ues according to the pressure. As a result, the 
resistance value between both points of A and 0 is 
independent of the pressure. 

Between a power source Vqc and an earthing 
point GND there is provided, a series circuit com- 
prising resistors R01, R02 and R03. Respective 
constant-potentials Vr, Vm at the connection points 
K, M between the resistors R01, R02 and between 
the resistors R02, R03 are s.Qttled by a divided 
voltage. The power source Vcc is connected to the 
point A as the connection point between the strain 
gauges 5a and 5d of the Wheatstone bridge 
through a resistor R05. The potential together with 
the potential at the point K. i.e. the output from the 
operation amplifier OP-1 is supplied to the connec- 
tion point B between the strain gauges 5a and 5d 
and to the connection point C between the strain 
gauges 5c and 5d respectively through the respec- 
tive resistors R07, ROB. That is, the operation am- 
plifier OP-1 and the resistor R05 serve as a con- 
stant current source for the bridge circuit compris- 
ing the strain gauges, and the resistors R07 and 
R08 provide a circuit to roughly adjust an offset 
output voltage of the bridge circuit. 

The output voltage Vc at the output point C of 
the Wheatstone bridge comprising the strain 


gauges is supplied to an operation amplifier OP-2. 
The operation amplifier OP-2 is provided for pre- 
venting circuit side current from flowing into the 
bridge circuit or from flowing reversely. The output 

5 signal from this operation amplifier OP-2 is sup- 
plied to an operation amplifier OP-3 together with 
the output voltage Vc from the point B of the bridge 
circuit through a resistor R09. Then, a transistor Tri 
is controlled by the output from the operation am- 

10 plifier OP-3. The operation amplifier OP-3, resistor 
R09 and transistor Tri serve to convert an output 
voltage "Vb - Vc" of the Wheatstone bridge to a 
current output. 

Since the transistor Tn controlled by the out- 

75 put signal from the operation amplifier OP-3 Is 
connected at its collector to the power source Vqc 
through a resistor R11, the signal in the collector 
circuit of the transistor Tn is supplied to an opera- 
tion amplifier OP-4. The operation amplifier OP-4 

20 forms an amplifier circuit together with resistors 
R11. R12. R13 so as to amplify the current output 
from the operation amplifier OP-3 and to otitain a 
pressure detection signal Vp . Thereupon, the am- 
plification factor of the circuit containing the opera- 

25 tion amplifier OP-4 is defined according to the ratio 
between the resistor R12 and the resistor R09. 

A signal Vq at a point D as the connection 
point between the strain gauges 5b and 5c is 
supplied to an operation amplifier OP-5 together 

30 with a reference voltage Vm set at a point M. The 
operation amplifier OP-5 detects a change of the 
voltage Vd adapted to change according to a tem- 
perature at the point O together with a resistor 21 
so as to convert the change to a current output and 

35 to control a transistor Tr2 by an output signal from 
the operation amplifier OP-5. A signal in the collec- 
tor circuit of the transistor Tr2 is supplied to an 
operation amplifier OP-6 together with the refer- 
ence voltage Vk at a point K. The operation am- 

40 plifier OP-6 comprises an amplifier circuit together 
with resistors R22, R23, R24 and serves to amplify 
the output signal from the operation amplifier OP-5 
and to obtain a temperature detection output Vj. 
Accordingly, In case that the pressure acting 

45 on the sensing portion 2 changes, the potential Vc 
at the output point C of the Wheatstone bridge 
comprising the strain gauges changes according to 
this pressure change so as to output the pressure 
detection signal Vp. Since the potential Vd at the 

50 point D changes linearly with respect to the tem- 
perature as shown In Fig. 13, the temperature 
detection signal Vt can be obtained by using the 
circuit of the operation amplifier OP-5 as a circuit 
for converting the potential Vd at the point D to 

55 such a signal which can change nearly from an 
earthing voltage (GND) to a power source potential 
(Vcc). 
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Incidentally. Instead of the above-nnentioned 
embodiment In which the pressure and the tem- 
perature of the pressure medium are adapted to be 
detected by use of the strain gauges 5a - 5d. a 
temperature detection element may be anranged 
near the strain gauges 5a - 5d on the Si substrate 
1 so as to detect the temperature of the medium 
thereby. 

Claims 

1. A semiconductor pressure sensor adapted to 
measure the pressure of a medium, compris- 
ing 

a sensing portion (2) composed of a glass 
support plate (7) and a silicon substrate (1) 
disposed thereon and provided with a dia- 
phragm portion (3) which is brought Into con- 
tact with the measured medium and is dis- 
ptaceable in accordance with the pressure 
thereof, 

a detecting means (5) disposed within said 
sensing portion (2) so as to detect a displace- 
ment of said diaphragm portion (3) to generate 
an electric signal according to the pressure; 
a housing (9) having an interior space includ- 
ing an accomodation portion (9A) for ac- 
comodating said sensing portion, at least one 
predetermined portion (9A, 28) of said ac- 
comodation portion being made of metal; and 
a solder glass (11) provided between said pre- 
determined portion (9A. 28) of said housing 
and a predetermined portion of said sensing 
portion so as to hermetically seal the interior 
space (9B) of said housing with respect to said 
measured medium, 
characterized in that 

said diaphragm portion (3) projects into the 
flow passage of the measured medium, 
said sensing portion has an electrically con- 
ductive portion (12) provided along said silicon 
substrate so as to transmit said electric signal 
of said detecting means (5); 
an electric signal output portion (15) for output- 
ting said electric signal of said electrically con- 
ductive portion (12) is provided within said 
interior space (9B) of said housing (9); and 
a portion of said silicon substrate (1) between 
said diaphragm portion (3) and said output 
portion (15) is sealed with said glass support 
plate (7) so that the sensing portion (2) itself 
serves as a sealing member of the interior 
space (9B) with respect to said measured me- 
dium. 

2. A semiconductor pressure sensor according to 
claim 1, wherein said portion of the silicon 
substrate (1) is joined to said glass support 


plate (7). 

a A semiconductor pressure sensor according to 
claim 1, wherein said portion of the silicon 
5 substrate (1) is Joined to said glass support 

plate (7) through a layer (13) for forming a 
vacuum chamber (16). 

4. A semiconductor pressure sensor according to 
70 claim 1, 2 or 3, wherein said conductive por- 
tion (12) is made of a low resistivity Poly-Si 
layer. 

5. A semiconductor pressure sensor according to 
76 any preceding claim, wherein the coefficient of 

ttiermat expansion of said metal portion of said 
housing Is similar to the coefficient of thermal 
expansion of said silicon substrate (1) and of 
said glass support plate (7), and the coefficient 
20 of thermal expansion of said solder glass (11) 

has an intermediate value lying between both 
the coefficients of tiiemnal expansion of said 
glass support plate and of said metal portion. 

25 6. A semiconductor pressure sensor according to 
claim 5, wherein said metal portion of said 
housing is made up of Fe-Ni-Co system alloy, 
and the glass for said support plate Is 
borosillcate glass. 

30 

7. A semiconductor pressure sensor according to 
claim 5, wherein said metal portion of said 
housing is made up of Ni-Fe system alloy, and 
the glass for said support plate is borosillcate 

35 glass. 

8. A semiconductor pressure sensor according to 
any preceding claim, wherein said predeter- 
mined portion of said housing is provided with 

40 a metal collar. 

9. A semiconductor pressure sensor according to 
any preceding claim, wherein said diaphragm 
portion (3) is provided at such a position in 

45 said sensing portion as not to he influenced by 

a dynamic pressure of said measured medium. 

10. A semiconductor pressure sensor according to 
any preceding claim, wherein said detecting 

50 means (5) includes a strain gauge disposed at 

the position opposed to said diaphragm portion 
within said silicon substrate (1). 

11. A semiconductor pressure sensor according to 
55 any preceding claim, wherein said semicon- 
ductor sensor pressure is adapted to detect a 
refrigerant pressure within a refrigerant pipe 
employed in a refrigerating cycle for an auto- 
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mobile including an evaporator, a compressor, 
a condenser, a receiver, an expansion valve 
and a refrigerant pipe connecting tliem. 

12. A semiconductor pressure sensor according to 
claim 11, wherein said sensing portion lias 
such a constitution that said silicon substrate 
(1) is sandwiched between a pair of glass 
support plates at least at its portion to be 
hermetically sealed by said solder glass, that 
the portion projected into said refrigerant is 
composed of said silicon substrate and one of 
said paired glass support plates and that the 
portion of said silicon substrate provided with 
said diaphragm is exposed to said refrigerant. 

13. A semiconductor pressure sensor according to 
any preceding claim, wherein said detecting 
means (5) includes a temperature detecting 
means for detecting a temperature of said 
measured medium at the projected portion of 
said sensing portion. 

14. A semiconductor pressure sensor according to 
any preceding claim, wherein said semicon- 
ductor pressure sensor further comprises a 
protection cap provided in said housing so as 
to permit said measured medium to pass 
therethrough, said cap protecting the projected 
portion of said sensing portion. 

Patentansprtiche 

1. Halblelter-Drucksensor, der zur Messung des 
Drucks eines Mediums ausgelegt ist, mit 

' einem Erfassungsabschnitt (2), der aus ei- 
ner Glastragerplatte (7) und einem darauf an- 
geordneten Siliciumsubstrat (1) besteht und 
mit einem Membranabschnitt (3) versehen ist, 
der mit dem gemessenen Medium in Kontakt 
gebracht wird und In Obereinstimmung mit 
dessen Druck verlagerbar Ist, 

einer Detektoreinrichtung (5), die innerhalb 
des Erfassungsabschnitts (2) angeordnet ist, 
um eine Verlagerung des Membranabschnltts 
(3) zur Erzeugung eines dem Druck entspre- 
chenden elektrischen Signals zu erfassen, 

einem Gehause (9) mit einem Innenraum, 
der einen Unterbringungsabschnitt (9A) fUr die 
Aufnahme des Erfassungsabschnitts aufweist, 
wobei zumindest ein vorbestimmter Abschnitt 
(9A, 28) des Unterbrlngungsabschnitts aus Me- 
tatl hergestellt Ist; und 

einem Lotmittelglas (11). das zwischen 
dem vorbestimmten Abschnitt (9A. 28) des Ge- 
hSuses und einem vorbestimmten Abschnitt 
des Erfassungsabschnitts vorgesehen Ist, um 
den Innenraum (9B) des Gehauses bezUgllch 


des gemessenen Mediums hermetrsch abzu* 

dichten, 

dadurch gekennzelchnet, dafi 
der Membranabschnitt (3) in den Str5- 
5 mungsdurchgang des gemessenen Mediums 

vorragt, 

daB der Erfassungsabschnitt einen elek- 
trisch leitenden Abschnitt (12) besitzt, der ent- 
tang des Slilciumsubstrats vorgesehen Ist, um 
70 das elektrische Signal der Detektoreinrichtung 
(5) zu Ubertragen; 

daB ein elektrischer Signalausgabeab- 
schnitt (15) zum Abgeben des elektrischen Si- 
gnats des elektrlsch leitenden Abschnltts (12) 
75 In dem Innenraum (9B) des Gehauses (9) vor- 

gesehen ist, und 

daB ein Abschnitt des Siliciumsubstrats (1) 
zwischen dem Membranabschnitt (3) und dem 
Ausgabeabschnitt (15) mit der Glastragerplatte 
20 (7) abgedlchtet ist, so daB der Erfassungsab- 
schnitt (2) selbst als ein DIchtelement des In- 
nenraums (9B) bezUglich des gemessenen 
Mediums dient 

25 2. Halbleiter-Drucksensor nach Anspruch 1. be! 

dem der Abschnitt des Siliciumsubstrats (1) 
mit der Glastragerplatte (7) verbunden ist. 

3. Halbleiter-Drucksensor nach Anspruch 1, bei 
so dem der Abschnitt des Siliciumsubstrats (1) 
mit der GlastrSgerplatte (7) Qber eine Schlcht 
(13) zum Bilden einer Vakuumkammer (16) 
verbunden ist. 

55 4. Halbleiter-Drucksensor nach Anspruch 1, 2 
Oder 3, bei dem der leitende Abschnitt (12) aus 
einer Schicht aus Poly-Si mit niedrigem Wider- 
standswert hergestellt ist. 

40 5. Halbleiter-Drucksensor nach einem der vorher- 
gehenden AnsprOche, bei dem der Koefflzient 
der thermischen Ausdehnung des metalllschen 
Abschnltts des Gehauses gleich groB wie der 
Koefflzient der thermischen Ausdehnung des 

45 Siliciumsubstrats (1) und der Glastragerplatte 

(7) 1st, und bei dem der Koefflzient der thermi- 
schen Ausdehnung des Ldtmlttelglases (11) ei- 
nen Zwischenwert besitzt, der zwischen den 
beiden Koeffizienten der thermischen Ausdeh- 

50 nung der Glastragerplatte und des metalll- 
schen Abschnltts liegt. 

6. Halbleiter-Drucksensor nach Anspruch 5. bei 
dem der metallische Abschnitt des Gehauses 
55 aus einer Legierung des Fe-Ni-Co-Systems 
hergestellt ist und bei dem das Glas fOr die 
TrSgerplatte Borsilikat-Glas ist. 
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7. Halbleiter-Drucksensor nach Anspruch 5, bei 
dem der metallische Abschnitt des Gehduses 
aus einer Legieoing des Ne-Fe-Systems her- 
gestetlt ist und bei dem das Glas fOr die Tr3- 
gerplatte Borsilikat-Gias ist. 

8. Halbleiter-Drucloensor nach einem der vorher- 
gehenden AnsprOche, bei dem der vorbe- 
stimmte Abschnitt des Gehauses mit einem 
metallischen Kragen versehen ist. 

9. Halbleiter-Drucksensor nach einem der vorher- 
gehenden AnsprOche, bei dem der Membran- 
abschnitt (3) an einer derartigen Position in 
dem Erfassungsabschnitt vorgesehen ist, dafi 
er nicht durch einen dynamischen Druck des 
gemessenen Mediums beeinfluBt wird. 

10. Halbleiter-Drucksensor nach einem der vorher- 
gehenden AnsprOche. bei dem die Detektor- 
einrichtung (5) einen Belastungsmesser bzw. 
Dehnungsmesser enth^ilt, der an der Position 
angeordnet ist. die dem Membranabschnitt in- 
nerhalb des Siliciumsubstrats (1) gegenUber- 
liegt. 

11. Halbleiter-Drucksensor nach einem der vorher- 
gehenden AnsprOche, bei dem der Halbleiter- 
Drucksensor fUr die Erfassung des Drucks ei- 
nes KQhImittels innerhalb eines KQhImittelrohrs 
bzw. -schlauchs ausgelegt ist, das bzw. der bei 
einem Kuhlmittelzyklus fur ein Kraftfahrzeug 
mit einem Verdampfer, einem Kompressor, ei- 
nem Verdichter, einem Empf£inger, einem Aus- 
dehnungsventil und einem diese verbindenden 
KUhlmittelrohr bzw. -schlauch eingesetzt wird. 

12. Halbleiter-Drucksensor nach Anspruch 11, bei 
dem der Erfassungsabschnitt eine derartige 
Gestaltung besitzt, daB das Siliciumsubstrat (1) 
sandwichartig zwischen einem Paar von Glas- 
tragerplatten zumindest an einem Abschnitt 
elngeschlossen ist. urn hermetisch durch das 
Lotmittelglas abgedichtet werden, wobei der in 
das Kuhlmittel vorragende Abschnitt aus dem 
Siliciumsubstrat und einer der paan^eise zu- 
sammengefaGten Glastragerpiatten besteht 
und der mit der Membran versehene Abschnitt 
des Siliciumsubstrats dem KQhImittel ausge- 
setzt ist. 

13. Halbleiter-Drucksensor nach einem der vorher- 
gehenden AnsprOche, bei dem die Erfassungs- 
einrichtung (5) eine Temperaturerfassungsein- 
richtung zum Erfassen einer Temperatur des 
gemessenen Mediums bei dem vorstehenden 
Abschnitt des Erfassungsabschnitts enth^lt. 


14. Halbleiter-Doicksensor nach einem der vorher- 
gehenden AnsprOche, wobei der Halbleiter- 
Drucksensor weiterhin eine in dem Gehduse 
vorgesehene Schutzkappe aufweist, um den 
5 Durchgang des gemessenen Mediums hier- 

durch zu erm5glichen, wobei die Kappe den 
vorstehenden Abschnitt des Erfassungsab- 
schnitts schOtzt. 

10 Revendications 

1. Capteur de pression h semi-conducteur pr4vu 
pour mesurer la pression d*un milieu compre- 
nant, une partie de detection (2) constitute 

76 d'une plaque de support en verre (7) et d'un 

substrat de silicium (1) dispose sur celle-ci et 
munie d'une partie de membrane (3) qui est 
amende en contact avec le milieu h mesurer et 
dtplagable en conformity avec la pression de 

20 celui-ci, 

un moyen de detection (5) dispose a I'int^- 
rieur de ladite partie de detection (2) de fagon 
k detector un dtplacement de ladite partie de 
membrane (3) afin de produire un signal ^lec- 

25 trique selon la pression, 

un iogement (9) ayant un espace interieur 
comportant une partie de reception (9A) pour 
recevoir ladite partie de detection, au moins 
une partie prtdttermin^e (9A. 28) de ladite 

30 partie de reception §tant constitute de mttat 
et un verre a souder (11) prtvu entre ladite 
partie predeterminte (9A. 28) dudit Iogement 
et une partie prtdtterminte de ladite partie de 
detection de fagon k isoler hermttiquement 

35 I'espace inttrieur (98) dudit Iogement par rap- 
port audit milieu k mesurer, 
caracttrist en ce que 
ladite partie de membrane (3) dtpasse 
dans le passage d'tcoulement du milieu k 

40 mesurer, 

ladite partie de d§tection comporte une 
partie electriquement conductrlce (12) prtvue 
suivant ledit substrat de silicium de fagon k 
transmettre ledit signal tiectrique dudit moyen 

45 de detection (5). 

une partie de sortie de signal tiectrique 
(15) pour sortir ledit signal electrique de ladite 
partie electriquement conductrice (12) est prt- 
vue k rinttrieur dudit espace inttrieur (9B) 

50 dudit Iogement (9), et 

une partie dudit substrat de silicium (1) 
entre ladite partie de membrane (3) et ladite 
partie de sortie (15) est fermte avec ladite 
partie de support de verre (7) de sorte que la 

55 partie de detection (2) serve elle-m§me d'tlt- 
ment d*ttanchtit§ de Tespace inttrieur (9B) 
par rapport audit milieu k mesurer. 
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2. Capteur de pression k semi-conducteur selon 
la revendication 1 , dans lequel ladite partie du 
substrat de sificium (1) est raccord^e ^ ladite 
plaque de support en ven^e (7). 

3. Capteur de pression h semi-conducteur selon 
la revendication 1, dans lequel ladite partie du 
substrat de silicium (1) est raccord§e k ladite 
plaque de support de verre (7) par rintermd- 
dialre d*una couche (13) pour former une 
chambre h vide (16). 

4. Capteur de pression k sen)i-conducteur selon 
la revendication 1, 2 ou 3. dans lequel ladite 
partie conductrice (12) est constitute d'une 
couche de potysilicium k faible resistivity. 

5. Capteur de pression h semi-conducteur selon 
Tune quelconque des revendications prtceden- 
tes, dans lequel le coefficient de dilatation 
thermique de ladite partie m^tallique dudit lo- 
gennent est similaire au coefficient de dilatation 
thermique dudit substrat de silicium (1) et de 
ladite plaque de support en verre (7) et le 
coefficient de dilatation thermique dudit verre a 
souder (11) prtsente une valeur intermtdiaire 
se trouvant entre les deux coefficients de dila- 
tation thermique de ladite plaque de support 
en verre et de ladite partie m^tallique. 

6. Capteur de pression k semi-conducteur selon 
la revendication 5« dans lequel ladite partie 
mttalllque dudit logement est constitute d'un 
alliage du syst^me Fe-Ni-Co et le verre de 
ladite plaque de support est constitut de verre 
de borosilicate. 

7. Capteur de pression k semi-conducteur selon 
la revendication 5, dans lequel ladite partie 
mttallique dudit logement est constitute d'un 
alliage du systeme Ni-Fe et le verre de ladite 
plaque de support est constltut de verre de 
borosilicate. 

8. Capteur de pression k semi-conducteur selon 
Tune quelconque des revendications prtctden- 
tes, dans lequel ladite partie prtdtterminte 
dudit logement est munie d'un collier mttalli- 
que. 

9. Capteur de pression k semi-conducteur selon 
Tune quelconque des revendications prtceden- 
tes, dans lequel ladite partie de membrane (3) 
est prtvue k une position telle dans ladite 
partie de detection qu'elle ne sera pas influen- 
cte par une pression dynamique dudit milieu k 
mesurer. 
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10. Capteur de pression k semi-conducteur selon 
Tune quelconque des revendications prtctden- 
tes. dans lequel ledit moyen de detection (5) 
comporte une jauge de contrainte disposte k 

5 un emplacement oppost k ladite partie de 

membrane k Tinttrieur dudit substrat de sili- 
cium (1). 

11. Capteur de pression k semi-conducteur selon 
10 I'une quelconque des revendications prtctden- 

tes, dans lequel ledit capteur de pression k 
semi-conducteur est prtvu pour dttecter une 
pression d*un rtfrigtrant k I'lnttrleur d'un 
tuyau de refrigerant employ t dans un cycle de 
15 refrigeration pour une automobile comportant 
un tvaporateur, un compresseur, un conden- 
sour, un rtcepteur, une soupape d'expanslon 
et un tuyau de rtfrigtrant les raccordant. 

20 12. Capteur de pression k semi-conducteur selon 
la revendication 1 1 . dans lequel ladite partie de 
detection a une constitution telle que ledit 
substrat de silicium (1) est pris en sandwich 
entre une paire de plaques de support de 

25 verre, au moins a sa partie qui doit etre her- 

metrquement isolte par ledit verre a souder, 
que la partie qui dtpasse dans ledit agent 
rtfrigtrant est constitute dudit substrat de sili- 
cium et d'une des plaques de support appa- 

30 rites et que la partie dudit substrat de silicium 
munie de ladite membrane est exposte audit 
agent refrigtrant. 

13. Capteur de pression k semi-conducteur selon 
35 I'une quelconque des revendications prtctden- 

tes, dans lequel ledit moyen de detection (5) 
comporte un moyen de detection de tempera- 
ture pour dttecter une tempt rature dudit mi- 
lieu k mesurer k la partie dtpassante de ladite 
40 partie de dttection. 

14. Capteur de pression k semi-conducteur selon 
I'une quelconque des revendications prtctden- 
tes, dans lequel ledit capteur de pression k 

45 semi-conducteur comprend de plus un couver- 

cle de protection prtvu dans ledit logement de 
fagon k permettre audit milieu a mesurer de 
passer k travers celuici, ledit couvercle prott- 
geant la partie dtpassante de ladite partie de 

50 dttection. 
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FIG.5 
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FIG. 6 
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FIG. 8 
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FIG. 13 
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